ABSTRACT Measured total intensities of the continuum and of the red, green, and yellow forbidden coronal lines emitted by discrete features of a sporadic coronal condensation are shown to yield firm lower limits to the abundances of iron and calcium. These strict lower limits exceed the photospheric abundances (derived by curve-of-growth analysis of Fraunhofer lines) by a factor of 3 for iron and 12 for calcium; the actual coronal abundance will be higher still.
I. INTRODUCTION
Recent determinations of the photospheric abundance for iron, which are summarized in Table 1 , yield values lying between 3.8 X 10 -6 and 6.0 X 10 -6 . Aly, Evans, and Orrall (1962) found photospheric abundances of iron to be too low to account for the coronal emission observed at eclipse, and Zirin, Hall, and Hinteregger (1963) reached the same conclusion on the basis of the measured intensities of the EUV iron spectrum. Values of the coronal iron abundance derived by Woolley and Allen (1948) , Shklovskii (1950 Shklovskii ( , 1951 and Pottasch (1963a, b) all lie above 6 X 10~5. Thus the "coronal" abundances appear to be larger than the "photospheric" abundances by a factor of between 10 and 20; no satisfactory explanation of the difference has been given. The coronal abundances may be questioned because the mechanisms of coronal ionization and excitation, and the pertinent cross-sections, are imperfectly known. Further, the analysis is sensitive to the model assumed for the temperature and density structure of the corona. However, Pottasch's work (19635) suggests that, even if rather extreme models of density and temperature are assumed, and even if the ionization is uncertain, the high coronal abundances remain.
In this paper we discuss measurements of the intensity of the red, green, and yellow coronal lines ([Fe x] \ 6374, [Fe xiv] X 5303, and [Ca xv] X 5694, respectively) and the continuum at X 5300 and X 6660 observed from distinct features in the sporadic condensation of February 19, 1962.
II. OBSERVATIONS
Spectrograms (of 9 Â/mm linear dispersion) were made using the 4-inch coronagraph at Sacramento Peak Observatory; a complete description of the event, the observational details, and reproductions of the spectrograms may be found in a recent paper of the authors (Jefferies and Orrall 1965) . The total intensities of each measurable line and of the intensity of the continuum at two wavelengths were obtained as a function of position along the slit using the Sacramento Peak microphotometer. The spectrum covering the region from X 5150 to X 5950 was photographed at 1541 U.T. and that from X 6150 to X6800 at 1558 U.T. The condensation developed during the intervening 17 min; nevertheless the event lasted for hours and both spectra are typical.
Measured intensities in four features are shown in Table 2 along with the geometrical widths of the features at the half-in tensity points. The total intensity shown in the table is the integrated emission from a slice 1 cm high running across the feature. A study of the spectra and of the derived curves of intensity versus position along the slit shows that in features A and C both the X 5303 line emission and the X 5300 continuum 231 emission have a strong maximum at the same position in space and evidently come from the same volume, while the X 5694 line emission, though measurable there, shows a minimum in the corresponding features; since it may arise from foreground or background emission, we have shown it as an upper limit. On the other hand, in feature B the X 5694 line and the X 5300 continuum clearly come from the same volume of space, while the low green line emission suggests that it originates elsewhere in the line of sight.
m. ANALYSIS
The emission in the green line arising in a 1-cm high slice through a coronal feature (i.e., the quantity given in Table 1 Müller and Mutschlecner (1964) . Warner (1964) Aller, O'Mara, and Little (1964) . Teplitskaya and Vorob'eva (1964) the line of sight and at right angles to this along the direction of the slit length. Equation The integrated continuum emission per angstrom of wavelength at X 5300 may be written £ C (X5300) = 5. To solve equations (3)-(6) for the abundances using the data of Table 1 , we would require a complete model of the coronal features; however, we can set a firm lower limit to the abundances independently of the model. Consider first X 5303. From Burgess and Seaton's (1964) recalculation of the coronal ionization equilibrium we find (Nxiv/N^e) ^ 0.3. The degree of excitation (Nu/Nxiv) depends on electron density but assumes limiting values for small and large densities.
Following Pottasch (19636) we find, for negligible collisional excitation, that Nu _ ^ttBulJD 7 . Nl Aul '
with J the known photospheric intensity and D a dilution factor corresponding to a height of 50500 km above the limb. Hence in the limit Af e -»0 (effectively N e < 10
since essentially all ions of Fe +13 will be in the lower two levels. 
We shall consider results separately for the three lines.
a) Fe XIV Using the upper limits for the excitation and ionization given above, we can use equation (2) to write the firm inequality, independent of the distribution of temperature or electron density throughout the feature, E g < 3.0 X IO' 12 AvJfNedydz .
Similarly, from equation (5), 
b) FeX
The same type of analysis applied to the red line, using equations (3) and (6), yields
where we have again used Burgess and Seaton's (1964) calculations to find (Nx/N V e) < 0.35. From Table 2 , Er/E c (X 6660) ^ 12 so that ¿Fe>3.2X IO" 6 .
c) Ca XV Calculations of the calcium ionization made by Burgess and Faulkner (1965) give (Nxv/Nc/) ^ 0.25 so that we find, as above,
Since from Table 2 (Feature B) we find Ey/E c (X 5300) ~ 30, equation (18) requires Ac* > 17 X 10-6 .
IV. DISCUSSION The strict lower limit for the iron abundance derived from the green line intensities slightly exceeds the photospheric abundance derived by Müller and Mutschlecner (1964) ; while the lower limit for the calcium abundance exceeds by a factor of 12 the photospheric value of 1.4 X 10~6 (Goldberg, Aller 1960, Müller and Mutschlecner 1964) . However, the true iron abundance is certainly higher than this strict No. 1, 1966 PROMINENCES AND CORONAL CONDENSATIONS 235 lower limit. Thus Ha prominence loops are present within those structures seen in the green and red coronal lines, and since these loop prominences emit free-bound and freefree continuum (Jefferies and Orrall 1961) , not all of the continuum is due to electron scattering; we have evidently overestimated the amount of hydrogen present by setting R to zero in equations (5) and (6). Second, the presence of the prominence material shows that not all of the iron can be at coronal temperatures, and even of that which is, not all is precisely at that temperature where Fe +13 is most efficiently produced-as shown by the fact that the red line appears simultaneously in the same structure.
We may take partial account of these considerations as follows. If we assume (following Jefferies and Orrall 1961) that within the prominence N e = 2 X 10 11 cm -3 , T e = 1.5 X 10 4 ° K, then the total continuum emission at X 5300 due to this non-coronal gas will be (in cgs units) E p {\Sm) = 2.5 X 10-7 Q ,
where Q is the cross-sectional area of the prominence material in the sporadic feature; we have considered free-free and free-bound hydrogen emission and scattering by prominence electrons (see, e.g., Zanstra 1950). Similarly at X 6660,
Using equation (20) and the measured value (Table 2 ) of the continuum intensity at X 5300 for features A and C, we find Q = 2AX 10 17 cm 2 and 1.8 X 10 17 cm 2 , respectively. Similarly, using feature D and equation (21), Q = 1.5 X 10 17 cm 2 . Now these values of Q are clearly upper limits to the cross-sectional area of the prominence structures, since electron scattering by free coronal electrons must also have contributed. On Ha monochromatic pictures of the loop prominence we were able to count, on the average five threads of prominence material within each of the sporadic features such as A, C, or D. These threads measured about 2 X 10 8 cm in diameter, so that for each feature the total cross-sectional area of the five threads was ~1.6 X 10 17 cm 2 . This is of the same order as the upper limit to Q derived above. The estimate is of course uncertain, but it suggests that the prominence is contributing substantially to the observed continuum emission and that our lower limit to the abundances must be raised by some uncertain, but possibly large, factor.
Further, we assumed the most favorable temperature throughout for ionizing Fe xiv {T e = 2.3 X 10 6 ° K) when studying the green line, and for ionizing Fe x {T e = 1.2 X 10 6° K) when studying the red line (see Burgess and Seaton 1964, Fig. 1 ). These two assumptions cannot be simultaneously valid. The intensities of the red and green lines given in Table 1 were not made simultaneously, but they are typical, and we shall be safe in using their ratio to estimate the ratio A r xlv /A r x , that is, the relative number of Fe" 1 "
13
and Fe +9 ions. Dividing equation (2) by equation (3) and using the excitation ratios of equations (10b) and (lib) we find Axiv x Eg Nx ~2 Er
Using the observed integrated intensities of Table 2 we find N XIV /N X to be between 2 and 3. If the coronal feature is at a uniform temperature, this ratio implies that this temperature is 1.6 X 10 6 ° K (again referring to Burgess and Seaton 1964) . At this temperature A^y/A^e-0.13 and Ax/Ape -0.06. If we repeat the analysis of § III using these ratios, we find in place of equation (15) A le > 1. 3 X 10~5 (23) and in place of equation (17) > 1.8 X 10-5 .
Instead of assuming a single temperature, we might consider the most favorable nonuniform model; that is, two regions, one at 1.2 X 10 6 ° K and one at 2.3 X 10 6 ° K, the temperatures for maximum ionization of Fe +9 and Fe +13 . From the measured intensities it follows that there will have to be 2 to 3 times (say 2.5 times) as many ions at the higher temperature than at the lower. We would again have to revise the iron abundances in equations (15) and (17), respectively, to ¿Fe > 8.3 X 10" 6 and ¿ F e > 1.1 X 10" 5 .
These considerations do not apply to the calcium abundance of equation (19). Feature B, where the yellow line was measured, does not appear to contain any prominence material nor does it appear to emit the green line; evidently it is too hot throughout.
On the basis of these observations, then, it is inescapable that the abundance of iron is at least 3, and of calcium at least 12, times the photospheric value. Can the observations be in error? Only ratios of measured intensities are used so that only relative photometry is involved. Both the continuum and lines were above the toe of the photographic characteristic curve, and the relative standards were photoelectrically calibrated. We have no reason to suspect such a large error in the photometry.
The abundances derived here, while larger than the photospheric values, are smaller than coronal abundances derived previously, which were larger than the photospheric abundances by a factor of 10-20. But it must be remembered that the abundances derived here are a lower limit, and will be the true abundances only if the very special model assumed happens to be the true one.
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